Introduction 34
Phytate , 2, 3, 4, 5, , is found in many foods 35 including cereals and legumes (Harland & Oberleas, 1987) . Many studies have shown 36 that IP6 suppresses colon carcinogenesis (Fox & Eberl, 2002; Vucenik & Shamsuddin, 37 2003) . However, the mechanisms by which IP6 suppresses colon carcinogenesis are still 38 unclear. 39
Ingested IP6 is degraded at least partially in the human digestive tract, 40 although IP6 is not hydrolyzed by digestive enzymes in the gastrointestinal tract 41 (Sandberg & Andersson 1988) . Phytase in ingested foods (Rapp, Lantzsch, & Drochner, 42 2001 ) and/or intestinal bacteria (Wise & Gilburt, 1982) appear to be responsible for IP6 43 degradation. Researchers have demonstrated that IP6 phosphorous in oatmeal is almost 44 completely removed in the human digestive tract (Cruickshank, Duckworth, Kosterlitz, 45 & Warnock, 1945) and 56% of IP6 is hydrolyzed in the digestive tract of rats (Wise et 46 al., 1982) . Thus, epithelial cells in the large intestine are not necessarily exposed to IP6 47 7 product size, 326 bp). The PCR reaction was performed for 30 cycles. Each PCR 122 product was separated with 1.5% agarose gel and stained with ethidium bromide. 123
Expression of the product was determined using a UV transilluminator. Data were 124 expressed as the relative band density of each cyclin against GAPDH. 125 126
Cell cycle and 5-bromo-2'-deoxyuridine (BrdU) incorporation 127
Cells seeded at 1 × 10 6 cells/dish (10 cm) were cultured for 48 h. Next, the 128 cells were exposed to IP6 or IP3-RPH (0.3, 0.75, or 1.5 mM in DMEM) for another 47 129 h, after which BrdU (10 µg/mL, MP Biomedicals, LLC.) was added to the culture and 130 incubated for 1 h. For cell cycle analysis, cells were harvested, and cell nuclei were also 131 stained with propidium iodide (PI). The proportions of cells in G0/G1, S, G2/M, and 132 sub G1 phases were determined using a FACSCalibur (Becton, Dickson and Company, 133 Franklin Lakes, NJ, USA). For BrdU incorporation, harvested cells fixed with ethanol 134 were treated with 4 N HCl at 4˚C for 25 min. The cells were washed with PBS after a 135 brief exposure to 50 mM B(OH) 3 and 14.7 mM sodium tetraborate. Next, the cells were 136 incubated with anti-BrdU monoclonal antibody (NA20, Calbiochem, EMD Chemicals, 137
Inc., Darmstadt, Germany). After washing, the cells were stained with FITC-conjugated 138 anti-mouse IgG+A+M (H+L; Zymed Laboratories, San Francisco, CA, USA). The cell 139 nuclei were also stained with PI. We investigated whether IP6 and IP3-RPH, partially degraded products of IP6, 152 influenced HCT116 cell proliferation (Fig. 1) . Proliferation of HCT116 cells was 153 gradually retarded with increased IP6 concentration (Fig. 1a) . Exposure to IP3-RPH 154 also reduced HCT116 cell proliferation (Fig. 1b) . Low-dose exposure to IP3-RPH (0.3 155 mM) was sufficient to decrease cell proliferation, and the suppressive effects were 156 greater than those induced by IP6 doses of 0.3 and 0.5 mM. These results indicate that 157 both IP6 and IP3-RPH suppress HCT116 cell proliferation and that at low doses, 158 IP3-RPH has a stronger suppressing ability than does IP6. 159 160
Cell-cycle distribution of HCT116 cells exposed to IP6 161
We analyzed cell-cycle distribution in HCT116 cells after they were cultured 162 with IP6. The proportion of cells in the G0/G1 phase was significantly greater among 163 cells exposed to 0.3 mM of IP6 than among cells without exposure to IP6 (Fig. 2a) . 164
When cells were cultured with 1.5 mM of IP6, the proportion of cells in the G0/G1 165 phase was significantly lower among cells exposed to IP6 than among control cells (Fig.  166   9   2c ). The proportion of cells in the S phase was significantly reduced among cells 167 exposed to 0.3 and 0.75 mM of IP6 ( Fig. 2a and 2b) . We also identified differences in 168 the proportions of the cells in the M phase among cells exposed to 0.75 mM of IP6 (Fig.  169   2b) . We observed large increases in the proportion of cells in sub G1 among cells 170 exposed to 0.75 and 1.5 mM of IP6. 171 172
Cell-cycle distribution of HCT116 cells exposed to IP3-RPH 173
The effects of IP3-RPH on cell-cycle distribution among HCT116 cells 174 differed greatly from the effects of IP6 (Fig. 3) . IP3-RPH exposure (0.3 and 0.75 mM) 175 significantly increased the proportion of cells in S and sub G1 phases ( Fig. 3a and 3b) . 176
When cells were exposed to 1.5 mM of IP3-RPH, the proportion of cells in the G0/G1 177 phase was reduced, and the proportion of cells in G2/M and sub G1 phases was 178 increased (Fig. 3c) . 179 
BrdU incorporation in HCT116 cells in response to IP3-RPH 195
We investigated DNA synthesis in cells exposed to IP3-RPH ( 
IP3-RPH 203
We also investigated influence of IP6 and IP3-RPH on IEC6 cells derived 204 from normal small intestinal epithelial cells in rats (Quaroni et al., 1979) . In cell 205 proliferation assay, the response of IEC6 cells to IP6 or IP3-RPH ( It is reported that phytate content is ranging from 0.06 to 2.2% in cereals 250 (Schlemmer, Frolich, Prieto, & Grass, 2009) . In this study, we used 1.5 mM of IP6 in 251 the culture studies. The concentration of 1.5 mM in IP6 is equivalent to 0.1% in weight 252
basis. This value is less than phytate contents in many cereals. We suppose that 253 concentration of IP3-RPH derived from IP6 is much less than that of IP6 although 254 13 precise concentration of IP3-RPH has not been determined so far. It is reported that 255 maximum concentration of IP6 after ingestion of 1.4 g of sodium phytate is around 0.18 256 µM at 4 h post ingestion in humans (Grases, et al. 2001) . The influence of IP6 or 257 IP3-RPH at mM level might be limited to within intestinal contents, not after 258 absorption. 259
In the large intestine, intestinal bacteria might produce a substantial amount of 260 IP6 hydrolysates such as IP3-RPH (Wise et al., 1982) . The production of IP6 261 hydrolysates might be modulated by the ingestion of probiotic bacteria and/or prebiotics 262 such as dietary fiber and oligosaccharides. To date, no studies have investigated all the 263 types of IP6 hydrolysates produced in the large intestine. It would be very interesting to 264 clarify how food factors modulate the production of IP6 hydrolysates. The IP6 265 hydrolysates used in the present study were produced using phytase from Aspergillus 266 ficcum (Suzuki et al., 2010) . It is likely that many types of fermented foods processed 267 worldwide using this kind of mold contain large quantities of IP6 hydrolysates. 268
In conclusion, ingested IP6 may be partially digested by phytase from foods 269 or intestinal bacteria. In this study, we demonstrated that hydrolysates of IP6 were able 270 to suppress HCT116 colon carcinoma cells as well as IP6. However, IP6 hydrolysates 271 suppress cell proliferation through an obviously different mechanism from that of intact 272 IP6, suggesting that partially degraded IP6 products are responsible for the suppression 
